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More recently, immunophenotyping and cytogenetics have been routinely applied to the characterization of leukemic cells in Athough the detection of chromosomal abnormalities has emerged as one of the most important pretreatment prognostic factors in AML,6-8 immunophenotyping using a large panel of monoclonal antibodies (MoAbs) to myeloid and lymphoid lineage as well as progenitor cell-associated antigens has provided valuable information for lineage assignment of myeloperoxidase-negative (MPO-) acute leukemias, often referred to as acute undifferentiated leukemia or minimally differentiated AML (AML-M O ) : " ' and has enabled the identification of acute megakaryoblastic leukemia13 as well as AML coexpressing lymphoid-associated antigen^.'^"^ An integrated classification mainly based on specific chromosomal anomalies and distinctive morphologic (FAB) subtypes in AML has been proposed in an attempt to more precisely define biologically and clinically relevant entities as well as to provide new prognostic insights." More recently, the so-called morphologic, immunologic, and cytogenetic (MIC) working classification of AML has been substantiated and expanded by the detection of distinctive immunophenotypic features within cytogenetically and morphologically defined subgroups, such as coexpression of CD19 and CD56 in the M2/t(8;2 1) subtype of AML"-" and of CD2 in M3/t(15; 17)20-23 and M4E0/inv(l6)'~ as well as a high incidence of CD34 expression in both secondary and de novo AML with aberrations of chromosome 5 and/or 7.25- 27 The identification of more homogeneous subgroups of biologically similar cases could be of utmost importance for face antigen expression compared with those of other patients. These immunophenotypic features most probably associated with specific entities include expression of CD34 or CD13 and absence of CD14 or CD4 in M2 with Auer rods/ t(8;21); absence of HLA-DR. CD34, and CD14, but expression of CD33 in M3/t(15;171; positivity of either C034 or CD13 and either CD14 or CD2 for M4Eo/inv(l6); and absence of either CD34 or CD13 and expression of either CD33 or CDw65 and either CD15 or CD4 for M5/t(9;11). In FAB MO, negativity of one or two of the three panmyeloid-associated markers (CD13/33/w65) was common; and cytogenetic results frequently showed random abnormalities. Expression of lymphoid-, progenitor-and most myeloid-associated antigens had no influence on the prognosis, whereas the outcome was significantly better for children with M2 with Auer rods, M3, or M4EO or for those with the associated karyotypes t(8;21),t(15;17) and inv(l6) than for other patients. both an improved understanding of the leukemic process and the definition of prognostically relevant risk groups useful for individualization of treatment strategies. Although a large variety of clinical and biologic characteristics have been claimed to influence the prognosis of AML, very few of them-including age, previous hematologic disorder, certain cytogenetic aberrations, response to induction chemotherapy, and specific morphologic features within individual FAB subgroups such as Auer rods and eosinophils, especially in children-have been generally accepted as independent predictors of treatment o~tcome?.~*~*-~'
In contrast with the findings in acute lymphocytic leukemia (ALL),32.33 the prognostic significance of surface antigen expression in AML is still a matter of controversy. Although some investigators, especially in childhood AML, could not show any correlation between the expression of individual progenitor-, myeloid-or lymphoid-associated antigens and 3098 the treatment o~t c o m e ,~~'~~ others suggested a significant influence of specific immunophenotypic features on the complete remission (CR) rate, the CR duration, andor the survival. Among the antigens implicated in having an adverse prognostic effect are CD7,2°,36-39 CD9,@ CDllb?' CD13,4'.42 the other hand, the presence of CD15,42,4749 C D W~~~' and CD2" has been associated with a better treatment outcome. Other authors could not confirm these findings (eg, CDZ,4°,5' CD34,27,39*52 TdT,53) but the comparability of the results is hampered by methodologic differences in the detection of antigen expression as well as by differences in patient populations studied and treatment regimens administered.
The present AML-BF"87 study involved prospective immunophenotyping examinations in addition to morphologic and cytogenetic analyses in a large number of children with newly diagnosed AML. Its objectives were (1) to determine the diagnostic sensitivity of immunophenotyping and its contribution to the subclassification of AML; (2) to examine the relationship between surface antigen expression, FAB subtypes, chromosomal abnormalities, and clinical characteristics; and (3) to evaluate the prognostic significance of different immunophenotypic features, and to compare it with that of other prognostic features, especially morphology and cytogenetic findings. 
Patients
A group of 307 previously untreated children with AML under 17 years of age were enrolled in the cooperative AML-BF"87 study between December 1986 and October 1992. Informed consent was obtained from all patients.
Diagnosis
The diagnosis and FAB subtype of AML'.' was determined irrespective of the immunophenotyping studies from Pappenheimstained bone marrow (BM) and blood smears. Additional cytochemical reactions included periodic acid-Schiff (PAS), myeloperoxidase (MPO), a-naphtylacetate esterase, and acid phosphatase, which were routinely performed centrally at the University Children's Hospital in Munster. AI1 smears were also reviewed by at least one independent investigator (H. LofHer, Kiel), who also was not informed about the immunophenotyping results. The diagnosis of MO-and M7-subtypes always required the confirmation by immunologic method^.".'^
Treatment
The treatment strategy of the AML-BFM-87 protocol is summarized in Fig 1. Therapy started with an 8-day induction course, comprised of cytosine arabinoside (Ara-C), daunorubicin, and etoposide, followed by a 6-week consolidation therapy with seven different drugs and two blocks of late intensification with highdose Ara-C (3 gh') and etoposide. Maintenance therapy consisted of thioguanine daily, and Ara-C for 4 days every 4 weeks up to a total period of 18 months. During the first two and a half years of the study, cranial irradiation was given to 60 of 143 patients and, afterwards, to all patients in complete remission (CR).54 Allogeneic BM transplantation in first CR was recommended for children of the highrisk group only."
Immunophenotyping
Extensive immunologic marker analyses were performed in 267 of 307 children (87%). Immunophenotyping was performed at the Coexpression of lymphoid and myeloid antigens by single cells was confirmed by standard two-color flow-cytometric analysis using appropriate MoAbs directly conjugated to fluorescein isothiocyanate or phycoerythrin. Although not used routinely in the prospective study, CD3 (Lea-4, Becton Dickinson) was tested in most AML cases with coexpression of T-lymphoid markers to detect the possible contamination by residual CD3' mature T cells.
For nuclear staining of terminal deoxynucleotidyl transferase (TdT), cytospin preparations of leukemic blasts were fixed in methanol, subsequently assayed by indirect IF using heterologous rabbit anti-TdT antiserum (Supertechs, Bethesda, MD), and evaluated for IF using Zeiss microscopes (Zeiss, Oberkochen, Germany) equipped with epi-illumination and phase-contrast devices.
A leukemic cell sample was considered positive for surface anti-
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gen expression if more than 20% of the cells expressed fluorescence intensity greater than 98% of the negative control cells. Positivity for TdT was arbitrarily defined as greater than 5% of cells exhibiting nuclear fluorescence as compared with negative control samples.
Cytogenetics
BM samples were centrally karyotyped in Giessen by J. Harbott and F. Lampert. They were incubated in RPM1 1640 plus 20% fetal calf serum (lo6 celldml) for a 24-and 48-hour culture. The cell suspension was brought to hypotonic solution (KC1, 15 minutes) and fixed in methanol-acetic acid (3: 1). After being washed several times, the cells were dropped on a cold wet slide to spread the metaphases. G-banding was performed after trypsin pretreatment (10 to 15 seconds) after air drying, 3 to 5 days later. 
Statistical Analysis
Relationships of marker reactivity to cytogenetic results, other patient characteristics, and response to treatment (response rate) were determined by Fisher's exact test or the chi-square test.
Variables for assessing outcome were the response rate (rate of patients achieving CR), the event-free survival (EFS) and the eventfree interval (EFI). EFS was calculated from the time of diagnosis to the first event (relapse or death of any cause) or censoring (date of last follow-up), whereas EFI was defined as the time from CR until the first event for those patients achieving CR. Survival curves, standard errors, and tests for differences in EFS between subgroups were calculated by standard method^?^.^ Cox regression was used for multivariate analysis. All tests were descriptive and explorative. Calculations were performed with Statistical Analysis System (SAS), version 6.03 (SAS Institute, Cary, NC).
Follow-up data were updated on August I, 1994.
Dejinitions
The sensitivity, specificity, and predictive value" of the presence or absence of the most characteristic morphologic subtype-associated antigen combinations or abnormal karyotypes were determined to define the potential role of immunophenotyping and karyotyping in facilitating morphologic subtype analysis. For example, if an AML patient is or is not found to have a combination of antigens known to be associated with a particular morphogic subtype, FAB Mx, the informational value of the extent of contribution to the subtype diagnosis Mx is given by the following ratios:
Sensitivity is the likelihood of correct association (definitely positive) to a particular morphologic subtype: ( Table 1 gives an overview on the initial clinical data and distribution of FAB subtypes of the 307 patients in the AML-BF"87 study and of the 267 patients with immunophenotypic data. Table 2 presents results of the AML-BF"87 study for the total group and for patients with immunologic data. CR was achieved by 230 of 307 (75%) and 199 of 267 (75%) patients respectively. The Kaplan-Meier estimation of the EFS and EFI was in the same range for both patients with immunologic data and the total group. 
Patient Characteristics
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Immunophenotype
The expression of 13 cell surface antigens and TdT for the group of 267 assessable children is presented in Table  3 . The total number of patients varied for each marker tested, mainly because of insufficient cell numbers.
Leukemic blasts from 233 of 237 (98%) of the patient samples available expressed one or more of the panmyeloid markers tested (ie, CD13, CD33, CDw65). Expression of at least two of these antigens on AML blasts was found in 210 of 237 patients (89%), whereas 27 patients (1 1%) disclosed only one (N = 23) or none (N = 4) of these markers with 14 of them being classified as FAB MO or M7.
The other myeloid-associated antigens (ie, CD14, CD15, CD41, glycophorin A) were detected less frequently and in varying proportions depending on the maturational stage and FAB-subtype of myeloid leukemic cells.
Evidence for coexpression of at least one of the T-or Blymphoid-associated antigens was found in 42% (1 11 of 267) of the patients and confirmed by two-color IF studies or marked numerical overlap of percentage of cells expressing the respective antigens. Coexpression of T-lymphoid features (CD2, CD4, CD7) occurred much more frequently than coexpression of the B-lymphoid-associated antigen CD19 (2%) and CD10 (l%, data not shown).
Among the non-lineage-restricted markers, HLA-DR was the most commonly expressed antigen (SO%), whereas CD34 and TdT were expressed with intermediate or low frequency (45% and 21%, respectively).
Correlation of S u~a c e Antigen Expression With FAB Subtypes and Cytogenetics
The frequency of surface-marker and TdT expression in relationship to FAB classification is also shown in Table 3 .
We did not find the expression of any individual myeloidor lymphoid-associated surface antigen to clearly correlate with a particular FAB subtype, except for CD41 with FAB M7 (predictive value, 71%).
However, the expression of several of these antigens was not distributed equally, and characteristic associations could be identified between surface antigenic profiles and morphologic subtypes (Table 3) as well as chromosomal abnormalities (Table 4) .
In FAB MO, negativity of one or two of the three panmyeloid antigens tested, especially CD13 or CDw65, was frequently observed (9 of 11 patients), and expression of CD34, TdT as well as T-lymphoid features was not uncommon. Similar immunophenotypic features were found in patients with random abnormalities, eg, significantly more frequent negativity of at least two of the three panmyeloid antigens than in other karyotypic subgroups (1 1/23 v 3/71, P = .0001).
FAB M1 (with or without Auer rods) followed a similar pattern of antigen expression as MO with a relatively high incidence of CD7 coexpression as well as CD34 and TdT positivity. In FAB M2 with Auer rods and in t(8;21) the progenitor-associated antigens HLA-DR and CD34 were expressed by blast cells in most patients, and TdT activity was found in about one third of them.
Consistent with previous findings, FAB M3 was characterized by the absence of HLA-DR (specificity, S % ) , only occasional expression of CD15, usually positivity of the panmyeloid markers, and a relatively high frequency of CD2 coexpression. FAB M4Eo and inv(l6) resembled M2 with Auer rods in its antigenic profile, but showed a stronger expression of CD13 and monocyte-associated features such as CD14 and CD4. Coexpression of CD2 was observed in 23% and 40% of patients with M4Eo and inv(l6), respectively. In contrast with FAB MO, M1 and M4 subtypes, surface expression of CD13 and CD34 was detected in only 21% to 25% of patients with FAB M5 and in less than 14% with t(9; 1 l), whereas expression of HLA-DR, CD33, and CDw65 was found in the vast majority of these patients. CD15 and CD4 were also commonly expressed in FAB M5, whereas 42% of all M5 patients and only 29% with t(9; 11) were positive for CD14. In FAB M7, CD41 was found to be expressed in five patients, and CD42b or CD61 in 10 others. Table 5 shows the predictive value as well as the sensitivity and specificity of the most characteristic immunophenotypic features within different morphologic subtypes.
Correlation of Other Features With FAB Subtypes
MP0 positivity (>3%) was associated with the FAB types M1, M2, M3, and M4 and was only rarely found in other subtypes (eg, 26% in FAB M5). Blasts with the karyotypes t(8;21), t(l5; 17), and inv(l6) were always MPO+, whereas the rate of positive samples was significantly lower in patients with t(9; l l ) (29% positive, P = .03) and in those with random abnormalities (57% positive, P = .001) than in other patients.
The information value of a specific aberration for a morphologic subtype diagnosis is presented in Table 5 . The predictive value of t(15; 17) for FAB M3 is 1.00, meaning that all children with this aberration were classified as M3. A high predictive value (>75%) was also exhibited by the aberrations t(8; 21) for M2 with Auer rods, inv(l6) for M4Eo, and t(9; 11) for M5. The aberration t(8;21) was only exceptionally seen in M2 patients without Auer rods (MO patients).
Relationship Between Immunophenotype and Treatment Outcome
The prognostic significance of the expression of surface membrane antigens and TdT, as to the CR rate and EFS, is summarized in Table 6 .
Neither the surface antigens tested nor TdT reactivity was associated with a higher or lower CR rate except for CDw65+ AMLs. The analysis of EFS curves likewise failed to show any prognostic significance for the different myeloid-, progenitor cell-, and lymphoid-associated antigens investigated. Patients with leukemic blasts disclosing expression of only one or none of the three panmyeloid antigens analyzed had a somewhat lower CR rate (17/27 patients or 63% v 164/ 210 or 78%, P = .OS), but did not differ significantly in EFS from patients whose leukemic cells expressed more than two of the panmyeloid markers (EFS .37 5.09 SE v .44 2 .04 SE, P log rank = .23). 
M5
Coexpression of any of the T-or B-lymphoid-associated antigens did not predict a difference in either the CR rate or the EFS, irrespective of whether the presence of a single marker was evaluated (Table 6) , or whether the patients with leukemic blasts expressing at least one of the lymphoidassociated antigens were compared with those disclosing no reactivity with lymphoid markers (Fig 2) .
An examination of the possible prognostic relevance of the combination of two or three antigens for the CR rate yielded no further information, but the small patient numbers in most of these subgroups have to be taken into consideration.
Injuence of Karyotypes
The estimated probability of a 5-year EFS was significantly different in children with the specific karyotypes t(S;21), t(15;17), and inv(l6) as compared with other patients with a known karyotype (EFS = S 7 +-.OS SE v .32 2 .05 SE, P log rank = .Ol) (Fig 3) . This was mainly due to differences in initial response rates as the corresponding values after achieving remission were similar (EFI = .60 ? .OS SE v .47 2 .06 SE, P log rank = .34).
Multivariate Analysis
A separate Cox multivariate analysis of EFS was performed for each single surface antigen tested. As additional covariables, the following patient characteristics found to be predictive for an unfavorable outcome in the AML-BF"S3 and AML-BFM-S7 studies were included: white blood cell count greater than 100,000/mm3, age less than 2 years, FAB subtypes other than MllM2 with Auer rods, M3, M4Eo, and, in addition, the therapy response on day 15 with greater than 5% residual blasts in the BM. Except for the absence of CD14, showing a trend towards a shorter EFS ( P = .06), no additional influence of surface markers on EFS was detected.
DISCUSSION
In the present study including a large number of uniformly treated children with AML, we prospectively investigated the diagnostic sensitivity of a comprehensive panel of MoAbs reactive with myeloid-and lymphoid-associated, as well as non-lineage-restricted antigens and examined potential correlations between the morphologic features, the immunophenotype, the karyotype, and the response to standardized chemotherapy. Although none of the anti-myeloid MoAbs applied in this study recognized the blast cells of all AML patients, it was possible to confirm the diagnostic value of the panmyeloid reagents CD13, CD33, and CDw65 for the recognition of the vast majority of childhood AML. Even though individual immunophenotypic features with exclusive distribution in FAB subtypes could not be identified except for CD41 and CD61 expression in acute megakaryoblastic leukemia, we were able to describe characteristic as- sociations between certain FAB subtypes, surface antigen expression, and chromosomal abnormalities, mainly those associated with a favorable prognosis, thus underlining the clinical importance of a detailed pretherapeutic characterization of myeloid leukemic cells. In contrast with recent studies in adult AML, no prognostic significance could be attached to the expression of any of the myeloid-or lymphoid-associated or non-lineage-restricted antigens.
Contribution of Immunophenotype to Diagnosis
The diagnostic value of the panmyeloid reagents CD13, CD33, and CDw65 for the recognition of childhood AML was high with a sensitivity of 98% (positivity of at least one of these antigens). As in the Pediatric Oncology Group (POG) study:' the MoAbs CD13 and CD33 detected most (94%) of the children with AML (POG study, B % ) , whereas the sensitivity of CD33 and CDw65 was even higher (97%).
The proportion of children with AML expressing one or more of the lymphoid-associated (predominantly T-cell-associated) antigens was high (42%), and in the same range as recently reported in other pediatric ~t u d i e s .~~,~~
In view of previous data clearly showing the expression of CD4 on pluripotent hematopoietic stem cells6' as well as on cells of the monocytic lineage63 and CD7 during early stages of normal myeloid differentiation,@ these antigens cannot be regarded as T-lineage-specific markers. Recent results from our group and others showing T-cell receptor and/or gene rearrangements in only a small subset of AML patients with coexpression of T-cell-associated antigens are in line with this ~taternent.'~.'~.~~ In accordance with other studies, CD4 expression was found predominantly in FAB subtypes with monocytic differentiation (M4 or M5),34 but was also detected in other FAB s~b t y p e s~' ,~~; CD7 expression, often combined with TdT positivity, was significantly associated with the immature subtypes MO and Ml.16320346z67 CD2' AML, suggested in previous studies to represent a distinct biologic and clinical en tit^,^'.^' was observed in 1 1 % of our AML cases with a higher incidence in M3 and M4Eo subtypes, whereas expression of CD10 or the pan-B-lineageassociated antigen CD19 was rarely found.
Immunophenotypic Features in Corresponding Cytogenetic and Morphologic Subgroups
Mitelman and Heim69 have calculated diagnostic values for chromosomal aberrations among FAB subtypes in more than 3,000 AML patients. The highest predictive values (>80%) were found for M3 if t(15;17), for M2 if t(8;21), for M4 if inv(l6), and for M5 if t(9; 11) was present.
By including morphologic features such as Auer rods in the M2 subtype and abnormal eosinophils in the M4 subtype, surface antigen expression, and cytogenetic findings, we were able to calculate the sensitivity, specificity, and predictive value of a given chromosomal abnormality or immunophenotype for the diagnosis of a morphologic subtype. These analyses indicated that the predictive value of immunophenotypic features for morphologic subtypes was low as compared with specific chromosomal aberrations. On the other hand, our data indicate that some immunophenotyping profiles, as discussed below, may be helpful for the recognition of clinically relevant entities such as M2/t(8;21), M3/ t(15; 17), M4Eo/inv(l6), and M5/t( I lq), especially in cases with equivocal morphology and missing cytogenetic/molecular genetic results.
In accordance with the results of Hunvitz et al," , we also found a high frequency of CD34 expression in 23 children with t(8;21)-associated AML, whereas T-cell-associated antigens, especially CD7, but also CD2 and CD4, were rarely positive. In contrast with their results and recent studies in adult suggesting frequent coexpression of CD1 9 in AML with cytogenetically proven t(8;21), we observed a clearcut CD19 positivity in only 1 patient. This discrepancy may be caused by the usually weak and variable expression population. It is obvious that this procedure may have underestimated the incidence of aberrant phenotypic features in AML when only a small subpopulation of leukemic blasts express the respective surface antigens such as CD2 in " i o with inv(l6) or CD19 in M2 with t(8;21).'8*'9s21v24 Other characteristic immunologic features of M4Eo, including consistent expression of CD13, frequent positivity of CD34, and absence of CD7, were also observed in this series of childhood AML patients.
Previous studies in patients with acute monocytic leukemia and t(9; 11) failed to show a characteristic immunophenotypic pattern on leukemic blast^.'^.^^ Therefore, it is noteworthy that most of the 16 children with t(9; 11) in this study disclosed similar immunophenotypic features with strong expression of HLA-DR. CD33, CDw65, and CD4, whereas CD13, CD14, and CD34 were positive on less than 30% of cases.
The biologic significance of the observed associations between cytogenetic abnormalities and immunophenotypic features is still unclear. It has been postulated that transcriptional mechanisms acting in certain AML subgroups may control the expression of correlated surface markers." (as detected with MoAbs VIM-D5 or VIM-C6), and CD34 could be confirmed by our results in 14 children with APL defined by the t( 15; 17) aberration and/or cytomorphology. Interestingly, our results as well as a recent study including 35 patients with cytogenetically and/or molecularly proven t( 15; 17)71 disclosed only a marginal correlation between CD2 positivity and APL and, therefore, contrast with other reports suggesting a significant association between coexpression of CD2 and M3 s~b t y p e .~~-~~ In accordance with the data reported by Paietta et al?' leukemic blasts of children with AML in our study were characterized by a high CD33 expression and absent or weak CD7 reactivity, thus expanding the immunophenotypic features predictive for the diagnosis of APL.
The diagnostic value of multiparameter flow-cytometric analysis for the detection of small subpopulations with aberrant immunophenotypic features (eg, CD2 coexpression) has recently been shown in AML M4Eo with i n~( 1 6 ) .~ Our results disclosed coexpression of CD2 in 4 of 10 children with M4Eo and inv ( 16) and in 7 of 31 with M4Eo as defined by cytomorphology. Routine immunologic marker analyses in most multicentre trials, 35, 40, 42450 .72 including ' the AML-BFM-87 study, were performed by applying indirect IF assays and using cut-off levels of 20% to 30% positive blast cells to define antigen positivity of a given leukemic cell
Prognostic Implications
Results have been controversial concerning the prognostic implications of surface antigen expression in AML (see introduction). Several recent studies, especially in childhood ALL,32.33 have shown that the prognostic impact not only of immunophenotyic subgroups but also of chromosomal abnormalities is diminished by improved efficacy of chemotherapy, thus indicating that prognostic factors must be evaluated in the context of therapy delivered.
Our results, like those reported by the Children's Cancer Study GroupM and the Pediatric Oncology do not indicate that the expression of myeloid-, lymphoid-, and progenitor-cell-associated antigens can be applied for risk stratification in childhood AML at diagnosis.
The significantly better CR rate for CDw65' patients, observed in this study as well as in adult AML patients with expression of C D W~~~~.~~ did not translate into longer remission duration or EFS. None of the other myeloid-lineageassociated antigens investigated in this study had a significant influence on either the CR rate or the EFS in univariate and multivariate analysis.
Several studies reported on a poor response to induction chemotherapy in adult patients with CD34' AML.2s~26.43.45.4y Noteworthy, however, is the fact that these studies often included patients with AML after exposure to radiation and/ or cytotoxic therapy and AML evolving from myelodysplastic ~y n d r o m e , 2~,~~ both of which are associated with a poor prognosis under the usual therapy. Moreover, a higher incidence of CD34 expression was associated with aberrations of chromosome 5 and/or 7 in adult AML,26.36"5 thus casting doubt on the independent prognostic value of CD34 expression. As in other recent studies dealing exclusively with pediatric we were unable to show any significant influence of CD34 expression on treatment outcome in childhood AML. This is in line with other recent reports questioning the adverse prognostic impact of CD34.27,36, 39, 52, 74 In For personal use only. on October 31, 2017. by guest www.bloodjournal.org From our study, CD34 expression was associated with FAB M11 M2 with Auer rods and M&o, whereas lower expression rates were found in FAB M3 and M5, suggesting that CD34+ AML comprises a heterogeneous group that is associated not only with poor but also with good prognostic factors.
The biologic and clinical impact of lymphoid coexpression on AML cells has been the subject of considerable interest and controversy in recent years.16 Expression of CD7, often associated with immature morphologic subtypes, has been regarded as an adverse prognostic factor in several recent sion of CD7 or other lymphoid-associated antigens investigated (CD2, CD4, CD19) and the prognosis could be shown in our patient population.
In both the previous AML-BF"83 and the present B F " 87 trial, we could define a standard-and a high-risk group based mainly on morphologic criteria (Fig 4) . The criteria for standard risk-MlM2 with Auer rods, M3, M4Eo-are closely related to specific prognostically favorable karyotype abnormalities ( Table 5) 75 as could be confirmed in our study (Fig 3) . Differences in prognosis between the morphologically or cytogenetically defined standard and high-risk groups were mainly caused by induction failure and less by relapse rate. However, in patients achieving CR, mode and intensity of therapy (eg, cranial irradiation) became imFuture studies based on an integrated classification considering information from morphologic, immunophenotypic, cytogenetic, and molecular characterization of leukemic blasts will probably contribute to a better recognition of biologically and clinically relevant entities as well as to individualization of treatment strategies in AML.
stUdies.20.38.39~47 However, no correlation between the expresp~r t a n t .~~
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